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SPECIFICATION 

CATALYTIC APPARATUS FOR EXHAUST PURIFICATION 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a catalytic 

apparatus for exhaust purification for use in an 
internal-combustion engine operable with a theoretical 
air-fuel ratio and a lean air-fuel ratio, and more 
particularly, to a catalytic apparatus for exhaust 

10 purification provided with a three-way catalyst. 

In general, three-way catalysts for exhaust gas 
purification are configured to enjoy high exhaust 
purifying performance when an engine is operated with a 
theoretical air-fuel ratio. They include a single-layer 

15 coat type in which one catalyst layer is formed on a 

carrier and a multi-layer type in which a plurality of 
catalyst layers are formed to improve the heat 
resistance of a noble metal. 

FIG. 5 shows an example of a single-layer three- 

20 way catalyst. A catalyst layer 22 that is formed on a 
carrier 21 of the three-way catalyst contains platinum 
(Pt) and rhodium (Rh) or contains palladium (Pd) and 
rhodium. On the other hand, a catalyst layer 2 2 of a 
three-way catalyst of the double- layer coat type 

2 5 illustrated by way of example in FIG. 6 is composed of 
an inner layer 22a that contains platinum and a surface 
layer 2 2b that contains platinum and rhodium. The inner 
layer 2 2a of the catalyst layer 2 2 sometimes may be 
loaded with palladium in place of platinum. In this 

30 case, the surface layer 22b is loaded with rhodium in 
place of the combination of platinum and rhodium. 

Three-way catalysts are also widely used in lean- 
burn engines that are operated with a lean air-fuel 




ratio. An exhaust purification apparatus described in 
Jpn. Pat. Appln. KOKAI Publication No. 11-193713, for 
example, comprises a lean NOx catalyst that serves to 
purify NOx (nitrogen oxide) in exhaust gas when the 
5 engine is operated with the lean air- fuel ratio and a 
three-way catalyst that is disposed as a light-off 
catalyst on the upper-stream side of the NOx catalyst. 
The three-way catalyst serves to reduce HC 
(hydrocarbon) in exhaust gas that is discharged at the 

10 cold start of the engine. 

However, the three-way catalyst has a problem 
that satisfactory HC purifying performance cannot be 
obtained during the engine operation with the lean air- 
fuel ratio or immediately after the air-fuel ratio is 

15 changed. This point will now be described with 
reference to FIGS. 3 and 4. 

FIG. 3 shows change of the HC purifying rate with 
time observed when the exhaust air- fuel ratio is 
changed from lean over to stoichiometric. FIG. 4 shows 

20 the relations between exhaust air-fuel ratio and HC 

purifying rate and between exhaust air- fuel ratio and 
NOx purifying rate. In FIG. 4, terms "S-FB" and 
"compression lean" represent engine operation areas for 
the theoretical and lean air-fuel ratios, respectively. 

25 A thin full line in FIG. 3 and a thin dashed line in 

FIG. 4 represent the results of tests on the three-way 
catalyst of the double- layer coat type shown in FIG. 6. 

As seen from FIG. 4, the HC purifying rate of the 
three-way catalyst of FIG. 6 lowers in a lean area. As 

30 seen from FIG. 3, moreover, the HC purifying rate of 
the three-way catalyst of FIG. 6 suddenly lowers 
immediately after the exhaust air-fuel ratio is changed 
from lean over to stoichiometric, that is, during the 
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first half of a period A of FIG. 3. 

The HC purifying rate in the lean area is 
supposed to lower for the following reasons. 

First, rhodium is liable to get poisoned by 
5 oxygen in an oxygen concentration increasing atmosphere 
and be deactivated. This is believed to make it hard to 
obtain a satisfactory HC purifying rate in the lean 
area. Further, rhodium has a characteristic such that 
it can be activated at a relatively low temperature. 

10 Therefore, the exhaust gas purifying performance at the 
cold start can be improved by using the three-way 
catalysts of FIGS. 5 and 6, having the catalyst layer 
22 and its surface layer 22b loaded with rhodium, as a 
pre- stage catalyst, as is described in Jpn. Pat. Appln. 

15 KOKAI Publication No. 11-193713. 

Secondly, it is supposed that if rhodium exists 
in the catalyst layer, other noble metals in the 
catalyst layer are alloyed with rhodium, so that their 
catalytic effect lowers. For example, the catalyst 

20 layer 22 of FIG. 5 and the surface layer 22b of FIG. 6 
are loaded with platinum or palladium that cannot get 
poisoned by oxygen even in the lean area. Therefore, 
the catalytic effect of platinum or palladium is 
expected to purify HC in the exhaust gas. Actually, 

25 however, satisfactory HC purification cannot be 

achieved by means of the three-way catalyst of FIG. 6, 
as shown in FIG. 4. A possible reason for this is that 
platinum or palladium is alloyed with rhodium in the 
surface layer of the catalyst layer so that the 

30 reactive sites are reduced and the catalytic effect and 
the HC purifying effect of the three-way catalyst are 
lowered . 

The HC purifying rate immediately after the 
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change of the air-fuel ratio is supposed suddenly to 
lower for the following reasons. The HC purifying 
effect in the lean area is produced mainly by platinum 
or palladium that is activated in the oxygen 
5 concentration increasing atmosphere, while the HC 

purifying effect in a rich area is produced mainly by 
rhodium that is activated in an oxygen concentration 
lowering atmosphere. If the exhaust air-fuel ratio 
changes from the lean side over to the rich side, 

10 therefore, HC purification with platinum or palladium 
is replaced with HC purification with rhodium. Since 
rhodium is liable to get poisoned by oxygen and be 
deactivated, as mentioned before, it is still 
deactivated and cannot produce its catalytic effect 

15 immediately after the change of the air-fuel ratio. 

This is supposed to cause the sudden reduction of the 
HC purifying rate immediately after the change of the 
air-fuel ratio. 

This sudden reduction of the HC purifying rate 

20 may be noticeable in exhaust purification apparatuses 
that use a three-way catalyst as a light-off catalyst. 
The exhaust purification apparatuses of this type 
include an apparatus in which an additive such as ceria 
(Ce0 2 ) having the 0 2 storage function is added to the 

25 light-off catalyst in order to improve the exhaust 

characteristic in a rich operation. In this apparatus, 
oxygen that is discharged from ceria during the rich 
operation is used to purify HC and CO in the exhaust 
gas. In the exhaust purification apparatus described in 

30 Jpn. Pat. Appln. KOKAI Publication No. 11-193713, on 
the other hand, the ceria loading of the light -off 
catalyst is restricted so that CO that is used to 
reactivate the lean NOx catalyst cannot be consumed by 
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the light -off catalyst. If the 0 2 storage function of 
the light-off catalyst is thus low, the quantity of 
oxygen released from the light -off catalyst during the 
transition from lean to rich is so small that required 
5 oxygen for HC purification is in short supply when the 
HC purification with rhodium is started. Thus, the 
temporary sudden reduction in the HC purifying rate 
becomes noticeable . 

The low HC purifying rate of the three-way 

10 catalyst can be improved by increasing the noble metal 
loading of the catalyst. In the case of the three-way 
catalyst of FIG. 5 that contains palladium and rhodium, 
for example, the HC purifying rate can be improved by 
considerably increasing the palladium content. In order 

15 to obtain a satisfactory HC purifying rate, however, 

the catalyst must be loaded with a very large quantity 
of expensive palladium. In consideration of 
manufacturing cost, therefore, this method cannot be a 
practical countermeasure . 

20 

DISCLOSURE OF THE INVENTION 

The object of the present invention is to provide 
a catalytic apparatus for exhaust purification, capable 
of restraining a rise in manufacturing cost and 
25 securing satisfactory HC purifying performance even in 
a lean area. 

In order to achieve the above object, according 
to the present invention, there is provided a catalytic 
apparatus for exhaust purification that is provided in 
30 an exhaust path of an internal-combustion engine 

operable with at least a theoretical air-fuel ratio and 
a lean air-fuel ratio, comprising a three-way catalyst 
having an inner layer thereof containing at least 
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rhodium as a noble metal and a surface layer thereof 
containing platinum or palladium as a noble metal. 

The three-way catalyst of the present invention 
has a layer structure, which is proper to this 
5 invention, formed of an inner layer loaded with rhodium 
and a surface layer loaded with platinum or palladium, 
whereby platinum or palladium is restrained from being 
alloyed with rhodium. Even if the platinum or palladium 
loading is equal to that of the conventional three-way 

10 catalyst, therefore, good HC purifying performance can 
be enjoyed in the lean area. Thus, according to the 
present invention, there is provided a low-priced 
catalytic apparatus for exhaust purification with a 
three-way catalyst that has satisfactory HC purifying 

15 performance in the lean area. 

More specifically, platinum or palladium added to 
the surface layer of the three-way catalyst is a noble 
metal that is activated in an oxygen concentration 
increasing atmosphere, and such platinum or palladium 

20 is restrained from being alloyed with rhodium that is 
added to the inner layer. During lean operation, 
therefore, platinum or palladium in the surface layer 
is activated satisfactorily to produce its catalytic 
effect, whereupon HC in the exhaust gas can be 

25 satisfactorily purified by means of the catalytic 
effect . 

When the engine operation area is changed from 
the lean area over to a stoichiometric (theoretical 
air-fuel ratio) area or rich area so that the exhaust 
30 air-fuel ratio is changed from lean over to 

stoichiometric or rich, rhodium is activated to produce 
the HC purifying effect. Since rhodium, a noble metal 
that easily gets poisoned by oxygen in the oxygen 




concentration increasing atmosphere, is added to the 
inner layer, the degree of deactivation of rhodium by 
oxygen poisoning during lean operation is lowered. 
Accordingly, rhodium is quickly activated, so that HC 

. 5 purification is promptly started under the catalytic 
effect of rhodium. 

To be exact, the start of HC purification with 
rhodium lags behind the change of the exhaust air- fuel 
ratio. Possibly, therefore, required oxygen for HC 

10 purification may be in short supply during the 

transition from HC purification with platinum or 
palladium to HC purification with rhodium. However, the 
three-way catalyst of the present invention can make up 
for the shortage of oxygen. This is because platinum or 

15 platinum added to the surface layer has a relatively 

high 0 2 storage function, considering that it belongs to 
a noble metal, and can adsorb oxygen in the oxygen 
concentration increasing atmosphere and release oxygen 
when the atmosphere is changed over to the oxygen 

20 concentration lowering atmosphere. Even if the three- 
way catalyst is loaded with a limited quantity of or no 
ceria or any other additive that has the 0 2 storage 
function, therefore, oxygen cannot be in substantial 
short supply when the exhaust air-fuel ratio is changed. 

25 According to the three-way catalyst having the 

layer structure proper to the present invention, as 
described above, HC purification with rhodium can be 
quickly started when the exhaust air-fuel ratio is 
changed from lean over to rich, and the release of 

30 oxygen from platinum or palladium can make up for the 

shortage of oxygen. Thus, the HC purifying rate can be 
prevented from suddenly lowering immediately after the 
change of the exhaust air-fuel ratio. 
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In the case where the inner layer is loaded 
mainly with rhodium, according to the invention, the 
noble metal content of the inner and surface layers 
should be set within the range from 0.05 to 5.0 g/1 of 
5 catalyst volume, and preferably from 0.3 to 0.6 g/1 

thereof. In the case where the surface layer is loaded 
mainly with platinum, the noble metal content should be 
set within the range from 0.05 to 20.0 g/1 of catalyst 
volume, and preferably from 1.5 to 3.0 g/1 thereof. 
10 Preferably, according to the invention, the 

exhaust path is provided with exhaust purification 
means adapted to absorb NOx when the air-fuel ratio of 
incoming exhaust gas is a lean air-fuel ratio and to 
release or reduce the absorbed NOx when the oxygen 
15 concentration of the incoming exhaust gas lowers, and 
the three-way catalyst is located on the upper-stream 
side of the exhaust purification means. 

According to this preferred mode, NOx and HC in 
the exhaust gas can be effectively purified by means of 
20 the exhaust purification means and the three-way 

catalyst, respectively, so that the overall exhaust gas 
purifying performance can be further improved. 

Preferably, the three-way catalyst is loaded with 
a very small quantity of or no ceria that is aimed 
25 principally at an 0 2 storage function. 

According to this preferred mode, the possibility 
that the oxygen concentration is prevented from 
lowering by the presence of oxygen released from ceria 
can be eliminated or restrained, when the oxygen 
30 concentration is to be lowered in order to release or 
reduce NOx absorbed by means of the exhaust 
purification means. As mentioned before, platinum and 
palladium have their respective 0 2 storage functions. 
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Since their 0 2 storage functions are lower than that of 
ceria, however, the release or reduction of NOx cannot 
be hindered by oxygen that is released from platinum or 
palladium as the oxygen concentration of the exhaust 
5 gas lowers . 

Preferably, according to the invention, the noble 
metal in the inner layer of the three-way catalyst 
mainly consists of rhodium alone or both rhodium and 
platinum. 

10 According to this preferred mode, there is 

provided a low-priced catalytic apparatus for exhaust 
purification that is improved in HC purifying 
performance for the foregoing reasons in the case where 
the inner layer of the three-way catalyst contains only 

15 rhodium as a noble metal. In the case where the inner 
layer of the three-way catalyst is loaded mixedly with 
rhodium and platinum, moreover, platinum or palladium 
in the surface layer of the catalyst produces a 
satisfactory HC purifying effect during lean operation. 

20 Besides, the HC purifying performance of the three-way 
catalyst for the stoichiometric or rich exhaust air- 
fuel ratio can be improved without ruining the HC 
purifying effect during lean operation. As described in 
detail later, an experiment conducted by the inventor 

25 hereof revealed this fact. If the HC purifying 

performance for the stoichiometric and rich operations 
is improved, the HC purifying performance during the 
transition of the exhaust air-fuel ratio from lean to 
stoichiometric or rich is improved. 

30 Preferably, the noble metal in the surface layer 

of the three-way catalyst mainly consists of platinum 
or palladium. According to this preferred mode, the 
lean-mode HC purifying performance is improved. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general view showing a catalytic 
apparatus for exhaust purification according to a first 
embodiment ; 

FIG. 2 is an enlarged fragmentary sectional view 
showing one quarter portion of a cell that constitutes 
a pre-stage catalyst; 

FIG. 3 is a diagram showing change of the HC 
purifying rate with time observed when the exhaust air- 
fuel ratio is changed from lean over to stoichiometric ; 

FIG. 4 is a diagram showing the relations between 
exhaust air- fuel ratio and HC purifying rate and 
between exhaust air- fuel ratio and NOx purifying rate; 

FIG. 5 is an enlarged fragmentary sectional view 
showing one quarter portion of a cell that constitutes 
a typical three-way catalyst of a single-layer coat 
type ; 

FIG. 6 is a partially enlarged sectional view 
showing one quarter portion of a cell that constitutes 
a typical three-way catalyst of a double-layer coat 
type ; 

FIG. 7 is an enlarged fragmentary sectional view 
showing one quarter portion of a cell that constitutes 
a pre- stage catalyst of a catalytic apparatus for 
exhaust purification according to a second embodiment; 

FIG. 8 is a diagram showing HC purifying rates 
for lean and stoichiometric air-fuel ratio areas of the 
catalytic apparatus of the second embodiment, compared 
with those of the apparatus of the first embodiment; 
and 

FIG. 9 is a diagram showing changes of the HC 
purifying rate of the catalytic apparatus of the second 



embodiment with time observed when the exhaust air-fuel 
ratio is changed from lean over to stoichiometric, 
compared with those of the first embodiment and a prior 
art example. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following is a description of a catalytic 
apparatus for exhaust purification according to a first 
embodiment of the present invention. 

Referring to FIG. 1, the catalytic apparatus for 
exhaust purification of the present embodiment is 
provided in an exhaust path 2 of an engine 1. An 
outline of the engine 1 will be described first. The 
engine 1, which is constructed as a cylinder-injection 
gasoline engine in which fuel is injected directly into 
a combustion chamber, can carry out fuel injection in a 
compression stroke as well as in a suction stroke. In 
suction-stroke injection (e.g., S-F/B mode in which a 
feedback control is carried out to attain the 
stoichiometric air-fuel ratio), the air-fuel ratio of 
an air-fuel mixture is controlled for the 
stoichiometric or rich side, and the air-fuel mixture 
is uniformly distributed and burned in a cylinder. In a 
compression- stroke injection (compression lean mode), 
an ignitable air-fuel mixture near the stoichiometric 
level is formed around an ignition plug and the overall 
air-fuel ratio of the air-fuel mixture in the cylinder 
is controlled for the lean side, whereby stratified 
combustion is carried out. 

The exhaust path (exhaust pipe) 2 is connected to 
an exhaust port of the engine 1 by means of an exhaust 
manifold 3. A pre-stage catalyst 4 formed of a three- 
way catalyst is provided in that position in the 
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exhaust path 2 which is relatively close to the engine 
1. An underfloor catalyst 5 is located on the lower- 
stream side of the pre -stage catalyst 4 in the exhaust 
path 2. The underfloor catalyst 5 is formed of an NOx- 
5 occlusive catalyst 5a on the upper- stream side and a 

three-way catalyst 5b on the lower-stream side. In the 
present embodiment, the catalytic apparatus for exhaust 
purification is composed of the pre-stage catalyst 4 
and the underfloor catalyst 5. 

10 The NOx-occlusive catalyst 5a and the three-way 

catalyst 5b of the underfloor catalyst 5 have an 
ordinary configuration. For example, the NOx-occlusive 
catalyst 5a bears a base, such as alumina (A1 2 0 3 ) , 
silica (Si0 2 ), silica-alumina (Si0 2 A1 2 0 3 ) , titania (Ti 2 ), 

15 zirconia (Zr0 2 ), or zeolite; a catalyst assistant, such 
as ceria (Ce0 2 ), lanthana (La 2 0 3 ), yttria (Y 2 0 3 ), 
neodymia (Nd 2 0 3 ), praseodymium oxide (Pr 6 0 1]L ), ferric 
oxide (Fe 2 0 3 ) , manganese dioxide (Mn0 2 ) , nickel oxide 
(NiO) , zinc oxide (ZnO), or magnesia (MgO) ; an NOx- 

20 occlusive agent, such as sodium (Na) , potassium (K) , 
rubidium (Rb), cesium (Cs), calcium (Ca) , strontium 
(Sr), or barium (Ba); and an active metal, such as 
platinum (Pt), palladium (Pd), rhodium (Rh), or iridium 
(Ir). The NOx-occlusive catalyst 5a serves to absorb 

25 NOx in an oxygen concentration increasing atmosphere 
and to reduce NOx to N 2 (nitrogen) and the like after 
temporarily releasing it in an oxygen concentration 
lowering atmosphere that mainly contains CO. 

The three-way catalyst 5b serves to purify HC , CO, 

30 and NOx in exhaust gas in the aforesaid S-F/B mode, and 
is constructed basically in the same manner as a three- 
way catalyst shown in FIG. 5 or 6 , for example. Further, 
its 0 2 storage function is enhanced by loading a 



catalyst layer with ceria (Ce0 2 ). The three-way 
catalyst 5b may be omitted if three-way performance is 
given to the NOx-occlusive catalyst 5a. 

FIG. 2 shows a quarter portion of one cell that 
is formed in the pre- stage catalyst 4. As shown in FIG. 
2, a cell of a cordierite carrier 11 has a square shape. 
The cordierite carrier 11 is obtained by mixing, for 
example, alumina-based powder, silica-based powder, and 
magnesia-based powder so that the ratios between 
alumina, silica, and magnesia ensure cordierite 
composition, dispersing the resulting mixture in water, 
molding its solids into a honeycomb configuration, and 
calcining the honeycomb compact . 

A catalyst layer 12 on the cordierite carrier 11 
is composed of a double-layer coat. In the present 
embodiment, a noble metal in an inner layer 12a of the 
catalyst layer 12 mainly consists of rhodium, while a 
noble metal in a surface layer 12b of the catalyst 
layer 12 mainly consists of platinum. The rhodium 
content of the inner layer 12a should be adjusted to a 
value within the range from 0.05 to 5.0 g/1 of catalyst 
volume, and preferably from 0.3 to 0.6 g/1 thereof. The 
platinum content of the surface layer 12b should be 
adjusted to a value within the range from 0.05 to 20.0 
g/1 of catalyst volume, and preferably from 1.5 to 3.0 
g/1 thereof. 

The catalyst layer 12 is loaded with a refractory 
inorganic oxide of 5 to 50 g/1 of catalyst volume, 
preferably 30 to 300 g/1 thereof, for example. 

As is evident from this description, ceria is 
added to neither the inner layer 12a nor the surface 
layer 12b of the catalyst layer 12, and the pre-stage 
catalyst 4 is not provided with the high 0 2 storage 
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function that ceria has. However, addition of ceria 
cannot be prohibited unless it has an 0 2 storage 
function such that it prevents NOx purge of the NOx- 
occlusive catalyst 5a or it oxidizes CO that is 
5 supplied as a reducing agent during NOx purge, thereby 
preventing CO supply to the NOx-occlusive catalyst 5a. 
Therefore, very small quantities of ceria may be added 
to the inner layer 12a or the surface layer 12b. For 
example, Ce0 2 of 10 g/1 or less of catalyst volume is 
10 added. 

The catalyst layer 12 is formed in the following 
manner, for example. First, a slurry that contains a 
noble metal mainly consisting of rhodium is prepared, 
and the cordierite carrier 11 is immersed in the slurry. 

15 When the carrier is calcined after it is dried, the 
inner layer 12a that mainly consists of rhodium is 
formed on the surface of the cordierite carrier 11. 
Then, a slurry that contains a noble metal mainly 
consisting of platinum is prepared, and the cordierite 

20 carrier 11 is immersed in the slurry. When the carrier 
is calcined after it is dried, the surface layer 12b 
that mainly consists of platinum is formed on the 
surface of the inner layer 12a. 

The inner layer 12a may be formed of rhodium 

2 5 alone or rhodium loaded with a small quantity of 
platinum in order to further improve high 
stoichiometric HC purifying characteristic of rhodium 
observed in stoichiometric operation. In a second 
embodiment, which will be mentioned later, the inner 

30 layer 12a is loaded with a large quantity of platinum 
along with rhodium. Palladium may be carried in place 
of platinum as the material of the surface layer 12b. 
Platinum or palladium is carried at a distance of 150 
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Mm or less, preferably 100 Mm or less, from the 
surface of the surface layer 12b at the corner portions 
of the honeycomb cell. As mentioned before, if platinum, 
palladium, and rhodium are caused mixedly to exist in 
the surface layer of the catalyst layer, the reactive 
sites of platinum and palladium are reduced to lower 
the HC purifying performance as platinum and palladium 
are alloyed with rhodium. In either of cases where the 
surface layer 12b composed of platinum and where it is 
composed of palladium, therefore, it is advisable to 
avoid addition of rhodium to the surface layer 12b in 
order to prevent the reduction in reactive sites and 
bring out the proper HC purifying performance to the 
maximum. Preferably, platinum or palladium should be 
singly carried on the surface layer 12b, for example. 
The palladium content should be adjusted to 0.05 to 
30.0 g/1 of catalyst volume, preferably to 1.5 to 10.0 

g/1 thereof . 

Rhodium is liable to be activated when it is 
exposed to an oxygen concentration lowering atmosphere 
in stoichiometric operation, in particular, and to get 
poisoned by oxygen in the oxygen concentration lowering 
atmosphere in lean operation. On the other hand, 
platinum is liable to be activated in the oxygen 
concentration increasing atmosphere in lean operation, 
in particular. In the catalyst 4 of the present 
embodiment, as mentioned before, the inner layer 12a 
and the surface layer 12b of the catalyst layer 12 
contain rhodium and platinum, respectively. 

In lean operation based on compression- stroke 
injection, therefore, platinum that constitutes the 
surface layer 12b is activated to perform the HC 
purifying function effectively. 
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In order to evaluate the HC purifying performance 
of the exhaust purification apparatus that is provided 
with the pre-stage catalyst (three-way catalyst) 4 and 
the underfloor catalyst 5 constructed in the above 
5 manner, the apparatus was mounted on an engine, and HC 
purifying efficiencies were measured with the exhaust 
air-fuel ratio adjusted to the lean air-fuel ratio of 
30 and the stoichiometric air-fuel ratio of 14.6, and 
the NOx purifying efficiency for the stoichiometric 

10 air-fuel ratio was measured. Also measured was the 

behavior of the HC purifying efficiency observed when 
the exhaust air-fuel ratio was changed from the lean 
air-fuel ratio over to the stoichiometric air-fuel 
ratio. The same measurements were made for an exhaust 

15 purification apparatus that is provided with the 

conventional three-way catalyst of the double-layer 
coat shown in FIG. 6, in place of the pre-stage 
catalyst 4. FIGS. 3 and 4 show the results of the 
measurements . 

20 FIG. 3 shows the way the HC purifying rate 

changes when the exhaust air-fuel ratio is changed from 
lean over to stoichiometric. FIG. 4 shows the relation 
between exhaust air-fuel ratio and HC purifying rate 
and the relation between exhaust air-fuel ratio and NOx 

25 purifying rate. In FIGS. 3 and 4, thick lines represent 
results of tests on the exhaust purification apparatus 
according to the present embodiment, while thin dashed 
lines and a thin full line represent results of tests 
on the exhaust purification apparatus that is furnished 

30 with the three-way catalyst of FIG. 6. According to the 
exhaust purification apparatus of the present 
embodiment, as seen from FIGS. 3 and 4, a high enough 
HC purifying rate can be obtained even for the lean 
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area. According to the exhaust purification apparatus 
of the present embodiment, moreover, the HC purifying 
rate can be restrained from lowering immediately after 
the exhaust air-fuel ratio is changed. The following is 
5 a description of this point. 

If the exhaust air-fuel ratio is changed from 
lean over to stoichiometric, rhodium is activated to 
perform the HC purifying function in the oxygen 
concentration lowering atmosphere. Since the start of 

10 HC purification with rhodium lags the change of the 

exhaust air-fuel ratio, oxygen for HC purification may 
be temporarily in short supply during the transition 
from HC purification with platinum to HC purification 
with rhodium, in some cases. 

15 As is known, noble metals have some 0 2 storage 

function in general. Among these metals, platinum has a 
relatively high 0 2 storage function. The surface layer 
12b of the catalyst layer of the pre- stage catalyst 4 
of the present embodiment contains platinum having such 

20 0 2 storage function. Sufficient oxygen is adsorbed by 

platinum in the surface layer 12b in lean operation. As 
the operation mode is changed over to the rich 
operation, oxygen is released to make up for the 
aforesaid temporary shortage of oxygen. Thus, HC is 

25 purified by the released oxygen, so that the HC 

purifying rate gently changes without undergoing a 
temporary sudden reduction, as shown in FIG. 3. Since 
deactivation of rhodium in the inner layer 12a that is 
attributable to oxygen poisoning in a lean atmosphere 

30 is reduced, the sudden reduction of the purifying rate 
can be also prevented by quickly starting HC 
purification as the operation mode is changed over to 
rich operation. 
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The 0 2 storage function of a noble metal such as 
platinum is, so to speak, a subordinate function. 
Although this function is high enough for the oxygen 
supply during the aforesaid transition, it is much 
5 lower than the 0 2 storage function of ceria. This 

tendency is advantageous to the NOx purge of the NOx- 
occlusive catalyst 5a. Since the quantity of oxygen 
that is adsorbed by platinum cannot ensure continuous 
oxidation of a relatively large quantity of CO that is 

10 supplied to discharge and reduce NOx, there is hardly 
any possibility of the 0 2 storage function of platinum 
hindering the NOx purge process. 

The pre- stage catalyst 4 of the present 
embodiment has a layer structure formed of the inner 

15 layer 12a that contains rhodium and the surface layer 
12b that contains platinum (or palladium), whereby the 
HC purifying performance can be secured, and platinum 
or palladium and rhodium in the surface layer can be 
restrained from being alloyed with each other. Since 

20 the platinum content itself is hardly different from 

those of the prior art examples shown in FIGS. 5 and 6, 
the manufacturing cost is not very different from those 
of the prior art examples . 

According to the present embodiment, as described 

25 above, a rise in manufacturing cost can be prevented, 
and the addition of ceria is restricted or omitted so 
that satisfactory HC purifying performance can be 
secured in the lean area and during the transition of 
exhaust air-fuel ratio. 

30 The following is a description of a catalytic 

apparatus for exhaust purification according to a 
second embodiment of the present invention. 

The catalytic apparatus of this embodiment 
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differs from the apparatus of the first embodiment, in 
which the only rhodium is added as a noble metal to the 
inner layer 12a of the three-way catalyst, in that both 
rhodium and platinum are added to an inner layer. For 
other respects, the two embodiments have no differences. 

In brief, the catalytic apparatus of this 
embodiment, like the catalytic apparatus shown in FIG. 
1, comprises a three-way catalyst, which is located 
close to an engine in its exhaust path and formed as a 
pre-stage catalyst, and an underfloor catalyst 
(corresponding to the underfloor catalyst 5 shown in 
FIG. 1) located on the lower- stream side of the pre- 
stage catalyst in the exhaust path. As mentioned before, 
only the configuration of the inner layer of the three- 
way catalyst (pre-stage catalyst) is different from 
that of the pre-stage catalyst 4 of FIG. 1. In FIG. 7, 
therefore, the three-way catalyst of the catalytic 
apparatus of the present embodiment is denoted by 
reference numeral 4', and illustration of other 
components than the three-way catalyst is omitted. 

As shown in FIG. 7, the three-way catalyst 4' is 
formed of a catalyst layer 12' carried on a cordierite 
carrier 11. The catalyst layer 12' is formed of an 
inner layer 12' a that contains noble metals mainly 
consisting of both rhodium and platinum and a surface 
layer 12b that contains a noble metal mainly consisting 
of platinum. The cordierite carrier 11 and the surface 
layer 12b are constructed substantially in the same 
manner as those of the pre-stage catalyst 4 shown in 
FIG. 2. Preferably, the platinum content of the surface 
layer 12b should be adjusted to 0.5 to 10 g/1 of the 
volume of the three-way catalyst 4'. 

If the platinum content of the surface layer 12b 
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of the catalyst layer 12 1 is in a suitable range from 
0.5 to 10 g/1, the total noble metal content or total 
rhodium and platinum content of the inner layer 12' a 
preferably ranges from 0.5 to 10 g/1. Preferably, the 
metal content ratio or the ratio (Rh:Pt) of the rhodium 
content to the platinum content should be 1:1 to 1:10. 
Thus, the inner layer 12' a of the present embodiment is 
characterized by its platinum content that is increased 
without failing to restrain the total noble metal 
content. Therefore, the HC purifying performance in 
stoichiometric and rich operations can be made higher 
than in the case of the first embodiment, without 
lowering the lean-mode HC purifying performance, as 
mentioned later. 

The catalyst layer 12 1 is formed substantially in 
the same manner as the catalyst layer 12 shown in FIG. 
2. More specifically, a slurry is prepared that mainly 
consists of rhodium and platinum having quantities 
thereof determined such that the noble metal content 
ratio is adjusted to the aforesaid suitable values. 
Then, the cordierite carrier 11 is immersed in the 
slurry, dried, and calcined to form the inner layer 
12' a that mainly contains rhodium and platinum on the 
surface of the cordierite carrier 11. Next, a slurry is 
prepared that contains a noble metal mainly consisting 
of platinum, and the cordierite carrier 11 formed with 
the inner layer 12' a is immersed in this slurry, dried, 
and calcined to form the surface layer 12b on the 
surface of the inner layer 12' a. 

In order to evaluate the HC purifying performance 
of the exhaust purification apparatus that is provided 
with three-way catalyst 4' and the underfloor catalyst 
5 constructed in the above manner, the apparatus was 
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mounted on an engine, and HC purifying efficiencies 
were measured with the exhaust air-fuel ratio adjusted 
to the lean air-fuel ratio of 30 and the stoichiometric 
air-fuel ratio of 14.6. Also measured was the behavior 
5 of the HC purifying efficiency observed when the 

exhaust air-fuel ratio was changed from the lean air- 
fuel ratio over to the stoichiometric air-fuel ratio. 
FIGS. 8 and 9 show the results of the measurements. 

Black rectangles shown in the left- and right - 
10 hand half portions of FIG. 8 individually represent 

measured values of the HC purifying efficiency for the 
lean and stoichiometric air-fuel ratios of the exhaust 
purification apparatus according to the present 
embodiment. In FIG. 8, white rectangles individually 
15 represent similar measured values for the exhaust 
purification apparatus of the first embodiment. 

As seen from FIG. 8, the HC purifying efficiency 
of the exhaust purification apparatus of the present 
embodiment for the lean air-fuel ratio is equal to or a 
20 little higher than that of the first embodiment, and 

its HC purifying efficiency for the stoichiometric air- 
fuel ratio is higher than that of the first embodiment. 

FIG. 9 shows measured waveforms of HC purifying 
efficiencies for the respective air-fuel ratio 
25 transitions of the catalytic apparatuses for exhaust 
purification according to the first and second 
embodiments and the conventional apparatus. As seen 
from FIG. 9, the catalytic apparatus of the present 
embodiment is higher in transitional HC purifying 
30 efficiency than the apparatus of the first embodiment 
as well as the prior art examples . 

The measurement results shown in FIGS. 8 and 9 
indicate that the HC purifying performance for the lean 
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operation of the catalytic apparatus of the second 
embodiment is equal to or higher than that of the 
apparatus of the first embodiment, and that its HC 
purifying performances for the stoichiometric operation 
5 and air-fuel ratio transition are higher than those of 
the apparatus of the first embodiment. Further, the 
measurement results indicate that the performance 
improvement is achieved by the arrangement where 
rhodium and platinum are mixed in the inner layer 12' a 

10 of the three-way catalyst 4'. 

Since the respective HC purifying functions of 
rhodium and platinum that constitute the inner layer 
12' a and the surface layer 12b, respectively, of the 
three-way catalyst 4' are basically the same as in the 

15 first embodiment, a description of those functions is 
omitted. 

The catalytic apparatus of the second embodiment 
may be modified in the same manner as the apparatus of 
the first embodiment. For example, palladium may be 

20 used in place of platinum as a component material of 
the surface layer 12b. 

Although the preferred embodiments of the present 
invention have been described herein, the invention is 
not limited to the first and second embodiments and 

25 their modifications. According to the foregoing 

embodiments, for example, the catalytic apparatus for 
exhaust purification is provided in the exhaust path 2 
of the cylinder-injection gasoline engine 1. However, 
the engine is not limited to this type, and the 

30 catalytic apparatus for exhaust purification may be 

attached to a lean-burn engine of a suction-pipe type 
adapted to inject fuel into an ordinary suction pipe, 
for example. 
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Although the honeycomb- type cordierite carrier 11 
is used as a carrier according to each of the foregoing 
embodiments, moreover, the present invention is also 
applicable to a catalytic apparatus for exhaust 
purification provided with a carrier that is formed of 
any other material than cordierite. The same effect may 
be also obtained with use of a metallic carrier, for 
example. In the case where the honeycomb- type 
cordierite carrier is used, moreover, the cell of the 
cordierite carrier is not limited to the square shape, 
and may alternatively be triangular or hexagonal. 

According to the foregoing embodiments, 
furthermore, the three-way catalyst is formed of the 
three-way catalyst 4 or 4 1 that is located close to the 
engine 1. However, the location of the three-way 
catalyst is not limited to this position. In the case 
where the underfloor catalyst 5 is formed in a manner 
such that the NOx-occlusive catalyst 5a and the three- 
way catalyst 5b are positioned reversely, for example, 
the three-way catalyst 5b may be constructed in the 
same manner as the pre-stage catalyst 4 or 4 ' . 

According to the foregoing embodiments, on the 
other hand, the three-way catalyst is used in 
combination with the NOx-occlusive catalyst 5a. 
Alternatively, however, the present invention may be 
applied to a catalytic apparatus for exhaust 
purification that uses no NOx-occlusive catalyst. 

According to the foregoing embodiments, moreover, 
the three-way catalyst is loaded with no or a limited 
quantity of ceria. Alternatively, however, the present 
invention may be also applied to a three-way catalyst 
that is loaded ordinarily with ceria. 



